Diabetics have a high risk of ischemic stroke. The present study aimed at evaluating the diagnostic validity of immediate measurements of serum 
INTRODUCTION
Diabetics have at least twice the risk of stroke and may show performance deficit in a wide range of cognitive domains
(1) . The mechanisms underlying this end-organ damage may involve both vascular changes through promotion of a prothrombotic state, endothelial dysfunction (2) and direct damage to neuronal cells as a result of overproduction of reactive oxygen species by the respiratory chain and consequent oxidative stress (3) . Oxidant radicals contribute to increased neuronal death by oxidizing proteins, damaging DNA, and inducing the lipoperoxidation of cellular membranes (4) . S-100 protein constitutes a large family of at least 20 proteins. It is an acidic calcium-binding protein with a molecular weight of 21 kDa consisting of two subunits alpha and beta (5) . It is found as homo-or heterodimers of two different subunits (A and B). Types S 100-AB and S 100-BB are described as S-100B protein and are shown to be highly specific for nervous tissue. It is present in the cytosol of glial and Schwann cells, and also in adipocytes and chondrocytes, although in very low concentrations in the latter two. The role of protein S-100B is not yet fully understood. It is suggested that it has intracellular and extracellular neurotropic as well as neurotoxic function. At nanomolar levels, S-100B stimulates neurite outgrowth and enhances survival of neurons. However, at micromolar levels it stimulates the expression of inflammatory cytokines and induces apoptosis (6) . Recently, serum S-100B protein has been proved to be an attractive surrogate marker of primary severe brain injury (7) . The S-100B protein is released by injured astrocytes. After passage through a disintegrated blood-brain barrier (BBB) the molecule can be detected in the peripheral circulation (8) . Several studies have investigated the potential role of S-100B as a peripheral biochemical marker of neural injury, including reactive gliosis, astrocytic death, and/or bloodbrain barrier dysfunction (9) . Increased cerebrospinal fluid (CSF) and/or serum S-100B has been reported in several acute and chronic injuries, including traumatic brain injury (10) , after single tonic-clonic seizures (11) , stroke . So, S-100B and NSE, distributed mainly in the central nervous system, can provide qualitative information about the extent of brain injury and are sensitive markers of brain damage after stroke and cerebral hypoxia (27) . The present study aimed at evaluating the diagnostic validity of immediate measurements of serum S-100B and NSE in comparison with cerebral computed tomography (CT) findings in diabetic ischemic stroke patients. We also aimed at determining the possible influence of type 2 diabetes mellitus, either or not complicated with stroke, on serum levels of S-100B and NSE. Another objective of the current study was the determination of serum malondialdehyde (MDA), as an indicator of lipid peroxidation (LPO), to detect any possible correlation between LPO and S-100B or NSE.
SUBJECTS & METHODS

Participants:
This cross sectional study included 66 subjects; 46 diabetic patients and 20 healthy subjects. Participants were classified into the following groups: Group I: 25 type 2 diabetic patients (13 males, 12 females) aged 53.56±2.8 years with acute stroke symptoms consistent with cerebral ischemia in the anterior territory of vascular supply, who were admitted to Kasr El Aini internal medicine emergency unit. Group II: 21 uncomplicated controlled type 2 diabetic patients (11 males, 10 females) aged 51.8±3.1years. HbA1c <7%, no diabetic retinopathy detected on fundus examination. No orthostatic hypotension on measuring supine & erect blood pressures, normal vibration sense in lower limbs. However subjectively, no history of ischemic heart disease and no ECG changes suggestive of ischemia were found. Group III: 20 apparently healthy age and sex matched control subjects (10 males, 10 females) aged 51.15±1.59 years selected from the hospital working personnel, who had no history of significant medical problems and were not taking any medications. Table 1 shows demographic data, plasma glucose (PG), plasma insulin (PI), insulin resistance (HOMA-IR) and HbA1c in the studied groups. All groups were age and sex matched. Also, there was no statistically significant difference among the groups as regards BMI. Stroke patients had significantly longer duration of diabetes than the controlled diabetics (P<0.001). PG, PI, HOMA-IR and Hb A1c were significantly higher in diabetic patients compared to the controls. (P<0.001, P< 0.001, P< 0.001and P<0.01 respectively).HbA1c was still higher in the stroke group compared to the controls (P<0.001). There was no statistically significant difference between the stroke and controlled diabetic groups as regards HbA1c (P>0.05). However, Samples for plasma glucose and insulin in "Stroke group" were taken on admission (random). They were not compared with other groups (fasting). Table (2) shows the levels of MDA, S-100 B and NSE in the studied groups. MDA was significantly higher in the stroke group compared to each of the controls and controlled diabetics (P<0.001).S-100B and NSE were significantly higher in the stroke group compared to each of the controls and controlled diabetics (P<0.001). However, the levels of S-100B were significantly lower in the uncomplicated diabetic group compared to the control group and the stroke group (P<0.001). There was no statistically significant difference between levels of NSE between the controlled diabetics and the controls (P>0.05). Figure 5 shows a significantly positive correlation between levels of NSE and MDA (r = 0.88164, P < 0.001).
RESULTS
However, there was no statistically significant correlation between either of S-100B and NSE on one hand and duration of the disease or the glycemic control (HbA1c) (P>0.05) in all patients.
DISCUSSION
In the present study, we investigated the association between the extent of brain injury, and serum S-100B and NSE levels in cerebral injury caused by cerebral ischemic stroke in diabetic patients.
The mean level of serum S-100B in diabetic patients with cerebrovascular stroke was significantly higher than that in uncomplicated diabetic patients and the control subjects.
Serum S-100B level in diabetic stroke patients showed significant positive correlation to the infarct size as assessed by the CT brain. Similarly, serum levels of NSE was correlated positively with infarct size. In diabetic patients presenting with stroke symptoms and signs, with initially negative CT brain for cerebral infarction, we correlated the serum level of S-100B and NSE with the infarct size (not presented data)detected in the follow up study of CT brain (after 3 weeks). We observed that patients with brain infarcts larger than 5 cm 3 showed significantly increased serum levels of S-100B, compared to those with lesion volumes below 5 cm 3 . These findings agreed with Herrmann et al.
(38) , who explained this by postischemic release of this biochemical marker. The S-100B protein is released by injured astrocytes. It can be detected in the peripheral circulation after passage through a disintegrated BBB (8 & 39) . The statistically significant higher levels of both S-100B and NSE in diabetic patients with stroke, compared to both control and uncomplicated diabetic patients could be explained by the profound disturbance in the BBB in such patients. This allowed the passage of large amounts of S-100B and NSE into the blood. Brain injury causes a selective leakage of S-100B into the cerebrospinal fluid and blood (16) , so that serum S-100B levels were found to be good indicators for the assessment of patients with cerebral ischemia (16) . Serum S-100B showed statistically significant lower mean value in uncomplicated type 2 diabetic patients compared to its mean value in the control group. However, there was no statistically significant difference between the mean value of NSE in type 2 uncomplicated diabetic group and the control group. In the present study, there were no statistically significant correlation between the HbA1c levels and serum S-100B levels in all patient groups. These observations suggest that the changes in serum S-100B concentrations are not dependent on short-term glycemic control. Results of the present study also showed that serum S-100B levels did not correlate to the duration of diabetes. The latter observation is confounded by the uncertainties of defining the onset of diabetes in subjects with type 2 diabetes.
Similar results were obtained by Hovsepyan et al.
(40) . However, Baydas et al.
(41) , reported that S-100B protein expression in different areas of brain tissues significantly increased in diabetic rats compared to control rats. Similarly, NSE levels were also significantly elevated in hyperglycemic rats. In addition, there was a significant increase in lipid peroxidation as indicated by elevated MDA in the diabetic rat brain compared to control rat brains.
The controversy with our results as regards levels of S-100B and NSE could be explained by the fact that we studied their levels in serum, not in brain tissue. The disturbance in BBB could not be enough to allow passage of the excess levels of these two parameters into the serum. Dai et al.
(42) , conducted a study which concluded that the BBB in diabetic patients is well maintained. Therefore, elevation of both parameters is confined to the brain and does not escape to the general circulation owing to competence of BBB. However, MDA which reflects lipid peroxidation LPO showed statistically significant higher mean values in diabetics with stroke compared to its mean values in uncomplicated diabetics and control groups. This could be explained by the fact that MDA is produced as a result of oxidative stress in multiple tissues; not only the CNS.
The decrease in serum S-100B levels observed in type 2 uncomplicated diabetics group compared to the corresponding mean value in the control group is not readily explainable. In previous studies, S-100B expressing tissues (brain, white fat and testes) of streptozotocin-induced diabetic rats, and S-100B protein levels were increased approximately by twofold, while steady state S-100B messenger RNA (mRNA) levels were decreased (43) . These observations were in disagreement to previously published studies in diabetic rats that reported decreased S-100B protein content in adipose tissue (44) . This was explained by other researchers who suggested that the release of S-100B protein from adipose tissue is significantly inhibited by insulin. Thus, in the present work, it was possible that insulin-treated type 2 diabetic subjects might have reduced release of this protein into the plasma. However, this speculation is confounded by a lack of correlation between measures of glycemic control (HbA1c) and serum S-100B concentrations. It is noteworthy that type 2 diabetes is also associated with reduced cellular content of calmodulin, another intracellular calcium binding protein (45) . The diabetes related changes in serum levels of S-100B in humans have been previously studied. Serum levels of S-100B and NSE in diabetic subjects with history of severe hypoglycemia were not different from those without such history (46) . In that study, there was no comparison made with healthy controls. However, in two of the three subjects who died following hypoglycemia, serum concentrations of S-100B and NSE were markedly elevated. The authors concluded that the measurement of serum concentrations of S-100B and NSE might have a prognostic role in evaluating clinical outcome following severe hypoglycemia (46) . In one case of diabetic ketoacidosis in the same study, serum S-100B concentration rose coinciding with the onset of cerebral edema (47) . Nonenzymatic glycoxidation in diabetics, which ultimately leads to the formation of advanced glycation end products (AGEs), occurs when free amino groups are exposed to aldoses, such as high levels of glucose, and under conditions of oxidant stress, both of which occur in diabetes (48) . The receptor for AGE (RAGE) is a member of the immunoglobulin superfamily of cellsurface molecules. As the biology of RAGE has evolved, several common themes have emerged. First, the multiligand character of the receptor is quite remarkable. Ligands of the receptor include AGEs, crossed-sheet fibrils characteristic of amyloid, amphoterin, and S-100/calgranulins. Even within a particular ligand family, RAGE recognizes more than one species. For example, the S-100/calgranulins comprise a family of more than 15 polypeptides. RAGE interacts with S-100A species and S-100B (two rather divergent family members), raising the likely possibility that this receptor may well interact with multiple, and may be even all, S-100/calgranulins. A second salient feature of RAGE biology is the presence of more than one ligand in tissues for prolonged times. For example, in diabetic tissues, both AGEs and S-100/calgranulins are present at increased levels in many cases (48) . Another unusual feature of the receptor is its apparent colocalization to sites where its ligands tend to accumulate (48) . Thus, where AGEs and S-100/calgranulins accumulate at sites of vascular lesions, higher levels of RAGE are also identified in cellular elements. This observation raises the possibility that the presence of ligands upregulates expression of the receptor, potentially resulting in exaggerated RAGEmediated cellular activation. This has been demonstrated directly with S-100B and appears to be true with AGEs, amphoterin, and amyloids (4) . The broad consequences of RAGE-ligand interaction for cellular properties are emphasized by the spectrum of signaling mechanisms, which the receptor triggers following ligand occupancy. One such consequence of AGE-RAGE interaction is the generation of reactive oxygen species (ROS) such as H 2 O 2 and O 2 -(49 & 50) . The present study confirms the significant increase in MDA (a marker of lipid peroxidation occurring in conditions of oxidative stress) in diabetics compared to control subjects. The increase was still more significant in patients complicated with stroke. The increased neuronal damage secondary to oxidative stress in diabetes mellitus explains the increase in serum S-100B and NSE. However, in the current study this was clear in patients with stroke. This is due to leakage of these proteins into the blood due to damaged BBB as previously explained.
Conclusion:
From the current study we could conclude that, S-100B and NSE correlated with the neurological examinations, as well as the infarct size as assessed by brain CT. So S-100B and NSE measurements immediately after admission might help to reduce serial follow up CT scans of the brain of ischemic stroke in diabetic patients. Future studies are recommend, to follow the S-100B and NSE serum levels, after thrombolytic therapy. Elevation of MDA in diabetic patients, which was significantly higher in diabetic patients complicated with stroke compared to uncomplicated diabetics, might direct future studies using antioxidants. 
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